ABSTRACT We examined the effects of household participation in the Food Stamp and WIC Nutrition Programs on the nutrient intakes of preschoolers using data from the 1989-1991 Continuing Survey of Food Intake by Individuals. Nonbreastfeeding children, 1-4 y of age, with 3 d of dietary data and whose households had incomes õ 130% of the poverty level were included in the study sample (n Å 499). Nutrient adequacy ratios for each of 15 nutrients were the dependent variables in multiple regression models that controlled for the following: age, sex and ethnicity of the individual; income, size and location of the household; schooling of the household head; home ownership; school lunch and breakfast participation; and season in which the interview was conducted. WIC benefits positively influenced (P õ 0.05) the intakes of 10 nutrients. For iron and zinc, the average increase due to WIC represented 16.6 and 10.6%, respectively, of the preschooler recommended dietary allowance (RDA) for these nutrients. The same analyses of the Food Stamp Program revealed increases in five nutrients. For iron and zinc, the average increase due to Food Stamps represented 12.3 and 9.2%, respectively, of the preschooler RDA. The effects of the WIC Program on the intakes of iron and zinc were greater than that of cash income, and neither program affected the intakes of fat, saturated fat or cholesterol. J. Nutr. 128: 548-555, 1998. 
option, for legal, ethical and/or practical reasons. For example, The recent debate on welfare reform in the United States because the Food Stamp and School Lunch Programs are entihas increased the importance of assessing the effects of existing tlements, benefits cannot legally be denied to those who qualfood assistance programs. Domestic food programs such as the ify for these programs. Thus, a randomized control group design Food Stamp Program and the Special Supplemental Nutrition is not possible. Program for Women, Infants, and Children (WIC) are proIn recent years, there has been increasing application of grammatically distinct from welfare, but came up for reapadvanced statistical techniques to the evaluation of programs praisal because of the sizable government expenditure in this in which experimental designs are not possible. Multivariate area. Spending on the USDA's food assistance programs toregression analysis has been used to control for observed differtaled $37.8 billion in fiscal year 1995 (Oliveira 1997) , an ences between food program participants and eligible nonpartiamount over twice that of Federal expenditures on the former cipants (Devaney et al. 1992 , Rush 1986 . The effect of the Aid to Families with Dependent Children (AFDC) program, Food Stamp Program on the availability of nutrients in atpreviously referred to as welfare.
home food supplies (Devaney and Moffitt 1991) and the effect The importance of the welfare reform debate for the future of the School Lunch Program on dietary intakes of children of food assistance programs in the United States did not go (Burghardt and Devaney 1995) are two studies that used both unnoticed in the nutrition community (Kennedy et al. 1996 , multivariate analyses and selection-bias models. The latter, Kretchmer 1995 , McNutt 1995 . However, nutrition researchoriginally developed in the field of economics, control for the ers have studied large-scale domestic food assistance programs bias that may result from nonrandom selection of participants less frequently than curative programs, which have long been for food assistance programs . part of the international nutrition literature (Martorell et al. Despite these recent examples, there continue to be sizable 1976, Pinstrup-Andersen et al. 1993 , Scrimshaw et al. 1967 .
gaps in the literature on domestic food program evaluation. In part, this is due to difficulties in evaluation that are inherent Although there has been extensive study on the effects of the in existing programs. Experimental methods are often not an Food Stamp Program on food spending , Levedahl 1991 and a number of studies of the effects of this spending on household nutrient supplies (Basiotis et al. 1983 , NUTRITION PROGRAMS AND INTAKES OF PRESCHOOLERS Individuals (CSFII). The CSFII is currently conducted by USDA's intakes of preschoolers , Rush et al. 1988 assistance would accomplish To address these gaps in the literature, we examined recent of dietary data on individuals; the first day was based on a 24-h recall dietary intake data of preschool children whose households and the second two days were based on food records. All dietary were income eligible to participate in both the Food Stamp information for preschoolers was obtained from the household respondent, who in most cases was the child's mother. Interviewers, who and WIC Programs. Our main question in this work is the were knowledgeable about foods and food preparation, were trained following: to what extent do each of these programs affect the in the use of a food instruction booklet to help each individual nutrient intakes of preschool children? We used multivariate describe the foods and the amounts eaten. During the 24-h recall, analyses to control for a number of observed characteristics interviewers used standard household measuring cups and spoons and that might influence diet, so as to isolate the effects of particia ruler to estimate specific quantities consumed. Interviews were conpation in both of these programs on intake. We also assessed ducted in the home, a setting that allowed the interviewer to gather the potential effects of selection bias on these results by using package-weight and ingredient information from food labels as well a model adapted from the economics literature.
as descriptions of home-prepared mixtures from the food preparers Although it is important to study the effects of programs (Tippett 1995) .
The amount of nutrients in each food was calculated using the on the entire diet, certain nutrients merit special attention. In weight of the food consumed and the nutritive value of that food.
the United States, iron deficiency is the single most prevalent
The latter information was obtained from a nutrient data base develnutritional deficiency (HHS/USDA 1989) and is considered oped by the USDA that contained Ç6700 items (Perloff et al. 1990, a current public health issue because of adverse associated USDA/HNIS 1985) .
health conditions (FASEB/LSRO 1995a). Although trend
Dependent variables used in these analyses were the intakes of data for a few states have shown a decrease in the anemia nutrients from food sources, averaged over 3 d. These intakes were prevalence rates among low income preschoolers (Yip et al. expressed as nutrient adequacy ratios, that is, the intake of a nutrient 1987), the rates are still high, ranging from 15 to 20% for by an individual divided by the recommended dietary allowance those õ2 y of age (Yip et al. 1992) . Mean intakes of zinc are (RDA) for that individual and expressed in percentage terms. For also low in certain segments of the population (Tippett et energy, intake was divided by the recommended energy intake for a reference person engaged in light-to-moderate activity (NRC 1989). al. 1995), and previous studies have suggested a relationship Nutrients studied in these analyses included the following: energy, between zinc and growth retardation (FASEB/LSRO 1995a).
protein, vitamin A, vitamin E, vitamin C, thiamin, riboflavin, niacin, For these reasons, we highlight iron and zinc in our discussions vitamin B-6, folate, calcium, phosphorus, magnesium, iron and zinc.
of program effects.
In addition, the percentage of calories from fat, the percentage of energy from saturated fat and the milligrams of cholesterol per 1000 kcal (4.18 MJ) in preschoolers' diets were also studied.
MATERIALS AND METHODS
Food program participation variables. Our main focus in this study concerned the effects of household participation in the Food Study sample. The analyses presented here are based on data obtained from the 1989-1991 Continuing Survey of Food Intake by Stamp and WIC Programs. To study these effects in a comparable fashion, we created variables that represented the dollar value of ses. Because the CSFII is based on a stratified, clustered sample design, variance estimates can be understated if standard statistical software benefits from each program. The CSFII collected self-reported information on the monthly monetary value of food stamps received by is used. To account for the complex design, we calculated our standard errors using a replicate sample technique, known as balanced repeated the household. We divided this figure by household size to obtain a per capita amount for each household. The CSFII also asked each replication, supported under WesVarPC (Westat 1996 magnitude of the Food Stamp effect was twice that of cash consumption were not significant. However, even after controlling for all other factors, non-Hispanic Blacks had intakes income, although the difference in the coefficients on these two variables was not significant (P Å 0.16). The WIC effect that were significantly lower than non-Hispanic Whites by about 11 RDA percentage points. was significantly greater than the cash income effect and over 12 times the magnitude. Age and region were also significant
The multiple regression models used in Table 3 were followed for all nutrients studied. The first three columns of Table explanatory variables in this model. Older children have increased food intakes, but the same RDA for iron. Therefore, 4 summarize these results for the Food Stamp Program. In addition to iron, the intakes of vitamin A, thiamin, niacin it was not surprising that 3-and 4-y-old children had iron nutrient adequacy ratios that were significantly greater than and zinc were significantly related to the amount of the food stamp benefits, ranging from 0.16 to 0.48 RDA percentage the reference group of children who were 1 y old. Those in the South had significantly lower intakes of iron.
points per capita dollar of benefit. The intakes of energy, fat, saturated fat and cholesterol were not significantly related to Table 3 also displays the results of our zinc intake model, which were similar in a number of ways to the iron results.
Food Stamp benefits. The third column in Table 4 reports the total changes in nutrient intake associated with average Food Controlling for all other factors, Food Stamp participation was associated with an increased intake of zinc by 0.16 RDA Stamp benefits, that is, we multiplied the change in nutrient intake per dollar of benefit by the average monthly Food Stamp percentage points per dollar of benefit received per person in the household. For WIC, the coefficient was 0.85 RDA benefit level, $55.46 per person. Average program benefits would result in an increase for preschoolers of 12.3 and 9.2 percentage points per capita dollar of benefit. The Food Stamp coefficient was over twice the size of the coefficient on cash RDA percentage points of iron and zinc, respectively. The last three columns of Table 4 summarize our regression income, although the difference in these coefficients was not significant (P Å 0.13). The WIC effect was significantly greater results for the WIC Program. Intake was positively associated with the WIC Program benefit for 10 of the nutrients studied; than the cash income effect and over 14 times the magnitude. As in the iron model, 3-and 4-y-old children had significantly the effect ranged from 0.85 to 5.25 RDA percentage points per capita dollar of benefit. As with the Food Stamp Program, higher nutrient adequacy ratios than did the reference group of 1-y-old children. Unlike the iron model, differences in regional the intakes of energy, fat, saturated fat and cholesterol were not significantly related to the WIC benefit. The average intake and a 0.4 mg/d increase in zinc intake due to WIC, monthly WIC benefit level for participating households in our although neither result was significant. sample was $12.47 per person. Multiplying this amount by per Our models showed that for 10 of the 15 nutrients we dollar increases suggests that, in the case of iron and zinc, the studied, WIC had significant and positive effects on intakes increase due to WIC would be 16.6 and 10.6%, respectively, by preschoolers; for Food Stamps, this was true for five of the of the preschooler RDA. nutrients studied. We found the effects of WIC to be stronger than those of Food Stamps in terms of the dollar of benefit received per person in the household. For iron, the WIC effect DISCUSSION was significantly different than the Food Stamp effect and about six times greater. The WIC coefficient in the zinc intake Our analyses indicate that average Food Stamp Program benemodel was also much larger than the Food Stamp coefficient, fits resulted in an increase for preschoolers of Ç1.2 mg/d of iron, although the difference did not reach significance (P Å 0.08). and Ç0.9 mg/d of zinc. The iron estimate was within the range
The enhanced effect of WIC may reflect the fact that specific of previous studies on Food Stamps and preschoolers. Using multypes of nutritious foods are given to recipients; it also may be tivariate models, Rush (1986) found an increased iron intake of due to nutrition education, which is an integral part of WIC. sample, but it is unlikely that this small proportion would have were more conclusive as a result of the increased power in our had much effect on our results. study. Cook et al. (1995) used 1986 CSFII data in a descriptive Although both the Food Stamp and WIC Programs have study of the intakes of preschool children from Food Stamp and positive and significant effects on the intake of a number of nonparticipant households. They found that a lower percentage important nutrients, our results indicated no significant relaof Food Stamp preschoolers had zinc intakes õ 70% of their tionship between household participation in these programs RDA than did nonprogram children, a finding that is also consisand the percentage of energy from fat, saturated fat or cholestent with our results.
terol in the diets of preschoolers. Data from the Third National The effects of the WIC Program that we found were someHealth and Nutrition Examination Survey show that the perwhat greater than those of previous studies. We found the centage of energy intake from fat was higher for non-Hispanic average increase due to WIC was 1.7 and 1.1 mg/d of iron and Black and Mexican-American WIC participants than for nonzinc, respectively. Rush et al. (1988) show that a greater percentage of adult Food Stamp particiUnderreporting is a common problem for dietary surveys and the 1989 -1991 CSFII was no exception to this rule. pants have high fat intakes than do nonparticipants (FASEB/ LSRO 1995b) . Neither of these studies, however, used multiIf such underreporting occurred to a greater extent among eligible nonparticipants, then our results would be overvariate models to control for confounding variables.
A potential limitation of this research is that our analystated. We have no reason to believe this to be the case. We think it is more likely that such asymmetric underreses were based on dietary information obtained over three consecutive days, an instrument that is less reliable at deporting, if it existed, was associated with one or more of the observed factors for which we have controlled. For scribing usual intake than multiple independent dietary recalls (Sempos et al. 1985) . In addition to the normal example, our results were based on models that controlled for level of education, which has been shown to be negaday-to-day variability in dietary practices, households eligible to participate in food assistance programs may have tively associated with underreporting (Briefel et al. 1997) .
As can be seen from Table 1 , there were differences increased variability in intakes associated with limited financial resources and monthly cash-flow problems. Howbetween participants and nonparticipants in various socioeconomic characteristics. Clearly, an experimental design ever, the increased variability introduced by these factors should not have affected our estimates of mean intakes but would have reduced this between-group variation and would have provided more reliable results regarding the would have increased the size of our confidence intervals around these estimates, making it less likely to find signifieffects of participation in food assistance programs. Because such a design was not possible, we used national cant differences that existed. In this sense, our results can be considered conservative.
survey data and statistical techniques. Multivariate analy- ses controlled for observed factors that could have congram participation (such as ''nutrition motivation'') by using information on both actual and predicted participation. In the founded the relationship between program benefits and nutrient intake.
second stage, these proxy variables, one for each program, are inserted into the multiple regression models run previously. Because individuals in our study were not randomly assigned to treatment and control groups, it is possible that our results
Using this technique, we did not find evidence of selection bias in our results, a finding that has been documented prewere affected by a selection bias. This bias can occur when there are no statistical controls for differences between groups viously for the Food Stamp Program (Devaney and Moffitt 1991) . that affect not only outcomes of interest, but also the decision to participate in food programs. For example, being motivated
In conclusion, we find that household participation in the Food Stamp and WIC Programs had independent and signifiby nutrition presumably improves dietary outcomes as well as influences some to seek out food assistance. Because eligible cantly positive effects on the nutrient intake of preschoolers. We consider these effects to have public health significance individuals are entitled to participate in Food Stamps if they so choose, there is no random assignment and thus our Food for iron and for other nutrients as well, e.g., zinc. On average, the Food Stamp and WIC Programs increased the intake of Stamp group could be composed of more people who are nutrition motivated. In this scenario, without controlling for the iron, Ç12 and 17 RDA percentage points, respectively. This is likely to be the most important effect, because iron defihidden characteristic of ''nutrition motivation,'' a comparison of Food Stamp Program participants with eligible nonparticiciency is the single most prevalent nutritional deficiency in the United States (DHHS/USDA 1989) and anemia rates are pants could have overstated the true Food Stamp effect. The bias could also work in the opposite direction. Those particistill high among low income children õ 2 y of age (Yip et al. 1992) . The beneficial effects of the WIC Program on iron and pating in Food Stamps generally have lower incomes than eligible nonparticipants. To the extent that poverty is correzinc intakes are not only significant in public health terms, but are also much greater than what would have been achieved lated with poor dietary habits and if aspects of this poverty are not well captured by observed variables such as income with increases in cash income. Furthermore, our results indicate that these benefits come without the potentially deleteriand education, then a selection bias could result in which regression results understate the true program effect. A priori, ous effects of increases in the intake of fat, saturated fat and cholesterol. there is no way to know in which direction a selection bias will work or if there will be one at all.
We investigated selection bias using a model that was origi-LITERATURE CITED nally developed in the field of economics (Heckman 1979) and has been well established in the literature on food assis- tance and other social program evaluation software (Greene 1992 
